Background: Studies conducted in farm environments suggest that diverse microbial
| INTRODUC TI ON
The impact of the environment on immune health is being investigated to an increasing extent, since changes in the environmental exposures may have driven the epidemic increase in asthma and allergies in urbanized environments. Interestingly, children who have grown up in farm environment have significantly reduced the risk of developing allergies and asthma compared to general population.
Several studies have recognized that early-life exposure to farm dust and to microbial diversity contribute to the healthy immunoregulation. [1] [2] [3] Underlying immune mechanisms that could be utilized for preventive interventions remain unidentified. On the other hand, exposure to air pollution is the world's largest single environmental health risk. In 2014, 92% of the world population were living in places where WHO air quality guidelines were not met. 4 Exposure to particulate matter (PM), one important component of air pollution, has been associated with cardiovascular diseases, 5 metabolic disorders 6 and respiratory health outcomes, such as chronic obstructive pulmonary disease and asthma exacerbations 7 but also with the onset of asthma in adults 8 and children. 9 Experimental studies have associated PM exposure with asthma-like airway remodelling and hyperresponsiveness. 7 The exposure to air pollutants might be even more harmful during childhood than in adulthood, since the adverse effects of air pollutants on lung function could be permanent.
10
Studies investigating how PM or its specific constituents may disrupt human immunoregulatory mechanisms and thus predispose exposed individuals to respiratory diseases are, however, rare.
We propose that simultaneous identification of immunoregulatory mechanisms operating in asthma-protective and in asthma-risk environments could accelerate the detection of underlying immune mechanisms and the development of preventive strategies. In this experimental study, we investigated the effects of a proposed protective environment (cattle farm dust) and high-risk environment 
| ME THODS

| Study population
The study population consisted of 4-year-old Finnish children (N = 18, boys N = 11). The study population is a subpopulation from Finnish LUKAS2 cohort study, which is an extended cohort of PASTURE/EFRAIM birth cohort study. LUKAS2 cohort consists of a general population sample of children living in rural and suburban areas in Northern Savonia region, excluding children living in apartment buildings. 11 PBMCs at age 4.5 years were collected from a subsample of LUKAS2 (N = 20) without any preselection. N = 18 had a sufficient number of PBMCs available. Children in this subsample had not been born or lived in farming environment nor had been exposed to significant levels of air pollution. Two out of 18 children (11%) had a doctor-diagnosed asthma at age 4, and 6 of 18 were atopic (specific IgE against any studied allergen >3.5 IU/mL). The study was approved by the Research Ethics Committee, Hospital District of Northern Savo, Kuopio, Finland, and written informed consent was obtained from parents.
| PBMC isolation
Peripheral blood mononuclear cells were isolated from EDTA blood (Vacutainer, BD) using density gradient centrifugation (Ficoll-Paque, Healthcare Bio-Sciences AB) and cryopreserved in liquid nitrogen as described in Martikainen et al 
| Processing and exposure of blood immune cells
Peripheral blood mononuclear cells were thawed and processed as described earlier. 12 The mean cell viability was 88% (SD ± 3.5).
We suspended cells in 10% human AB serum (Innovative Research) 
| Immunophenotyping of blood immune cells and cytokine measurements
| Environmental samples and sample composition
Size-segregated PM samples were collected at Nanjing, China, and airborne farm dust samples were collected from the cattle farm in Figures show boxplots with 5%-95% whiskers, and horizontal line indicates the median. Significances were calculated using nonparametric Wilcoxon signed rank test. *P-value <0.05, compared to control, **P value <0.01, compared to control. Particulate matter and farm dust samples were analysed for inorganic ions and elements using inductively coupled plasma mass spectrometry (PM samples) and NexION 350D ICP-MS spectrometer (farm dust). Samples were analysed for polycyclic aromatic hydrocarbon (PAH) compounds using a gas chromatograph mass spectrometer. We also analysed farm dust bacterial microbiota using 16S rRNA gene amplicon sequencing. The detailed information of analyses is in Supplementary (Supporting informationp. 4).
| Statistical analyses
The data from immunophenotyping (cell variables (DC and monocyte)) were expressed as percentages of cells positive for specific markers and data from cytokine measurements as concentrations of cytokines (pg/mL). Data on PAH contents were expressed as ng/mg of mass and data on water-soluble ionic and elemental compositions as μg/mg of mass. We compared the effects of different stimulations on immune variables using nonparametric Wilcoxon signed rank test and corrected the significances with Bonferroni correction.
Correlations between cytokines were calculated using Spearman's two-tailed rank correlation. All statistical analyses were performed using SPSS statistics 21 software (IBM Corporation, USA). Values of P < 0.05 were considered statistically significant. and ILT4 following exposure to blank filter samples was slightly different when compared to those induced by control samples ( Figure   S1 ).
| RE SULTS
| Environmental exposures altered the properties of immune cells
| Farm dust elevated and PM decreased cytokine production
Farm dust particles induced a statistically significant increase in the production of all studied cytokines, except for IL-4, which did not remain significant after multiple comparisons (Figure 2. ). Urban PM 1-0.2 had the most pronounced negative effect on the production of all cytokines. PM 0.2 decreased the levels of IL-1β, IL-10, IL-12 and IFN-γ. PM 2.5 had opposing effect on the production of IL-13, IL-17
and TNF-α, but only IL-17 remained significant after adjustment for multiple comparisons. Expression of cytokines following exposure to blank filter samples was slightly different when compared to those induced by control samples ( Figure S2 ). In general, correlations between measured cytokines were strong (defined as correlation over r > 0.9). When we stratified the results by exposure, the strongest correlations were observed after PM 1-0.2 stimulation and weakest after farm dust stimulation (Table S1 ).
| Size-fraction determined the strength of the immunological effects
Although PM samples induced parallel immune reactions, the PM size-fraction determined the strength of the effects. Both PM 
| Composition of the samples
There were some variations in the ionic and elemental compositions of the environmental samples (Table S2) (Table S3) . PAH compounds were not detected in farm dust (<0.1 ng/mg). Amplicon sequencing of the bacterial 16S rDNA revealed a dominance of Proteobacteria (83%) and Firmicutes (15%) sequences in the farm dust. (Figure S3 ). Farm dust particles increased the cytokine production of PBMCs.
| D ISCUSS I ON
In previous studies, PBMCs from farm-living children produced more Th1-associated cytokines and immunoregulatory cytokines compared to nonfarm children. 22 Cowshed dust extract-treated BMDCs cells produced high amounts of cytokines such as IL-10, IL-12p70 and TNF-α. 18 Treatment of murine DCs with grass arabinogalactan resulted in IL-10 production, and interestingly, these DCs were not able to induce an allergic immune response. 23 Urban air PM decreased the cytokine production of PBMCs, whereas previous studies have reported the enhancement of cytokine production. 19, 24 Loading of human mDCs with urban air PM has been shown to stimulate memory T cells to secrete cytokines and differentiate into a mixed population of Th cells with high inflammatory potential. 25 Other studies, however, have also reported immunosuppressive effects of PM stimulation. Jalava et al 26 showed that tracers of incomplete biomass and coal combustion, and PAHs in urban air had negative correlations with the inflammatory activity. In mouse studies, biomass combustion samples containing high concentrations of PAHs were linked with overall lower inflammatory responses in mouse lungs.
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In another study, combustion-derived PM exposure during early life 
29-31
We can speculate that our urban air PM samples represent an environment with relatively high concentrations of immunosuppressive agents due to local conditions in Nanjing. Unfortunately, we could not reliably correlate immunologic parameters with the composition data because of small number of environmental samples. protection. 33 We also analysed whether endotoxin influenced the effects of farm dust by adding LPS-neutralizing polymyxin B to the cell cultures. The immunostimulatory effects of farm dust were only slightly dependent on endotoxin content (data not shown), suggesting that the effect was mediated also by other compounds as also reported by earlier studies. 34, 35 Although authentic PM samples may also contain bacteria, fungal spores, pollen and viruses, the role of biological fractions in regard to health effects is still unclear and understudied. Overall, we confirmed that the studied environmental samples represented asthma-protective and asthma-risk environments. We also wanted to highlight the importance of the detailed characterization of environmental samples used in immunological and toxicological studies.
In future studies, the immunoregulatory effects of environmental exposures should be studied using larger study population and broader range of immunological markers. Inclusion of environmental samples collected from various urban and rural locations could support the identification of causative components or their combinations. Our study population was a random sample, which included both healthy and atopic children. A qualitative comparison of immune parameters showed that the direction of responses was similar in both groups (data not shown). Quantitative differences, however, should be studied in a larger number of children. This could uncover shared and distinctive mechanisms operating in healthy children and in those who have already developed allergic conditions, potentially leading to new preventive and perhaps also intervention strategies.
As a conclusion, our study shows the value of investigating different environmental exposures in the same conceptual and methodological framework. Farm dust particles activated children's immune cells, whereas PM seemed to inhibit the expression of important receptors and the production of soluble mediators. This is interesting as the risks of immune diseases are also opposed in these environments. Observed stimulatory effects of farm dust and inhibitory effects of PM could shape responses towards respiratory pathogens and allergens and partly explain differences in asthma prevalence between studied environments. This study offers a new perspective, which could be utilized when studying environmentrelated immune diseases and their mechanisms. Acquiring comparable data from both environments could lead to the discovery of new immunological pathways and provide new tools for the risk assessment and for the development of preventive strategies.
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